Introduction
The contribution of fetal asymmetrical intrauterine growth retardation (IUGR) to perinatal mortality and morbidity [8, 16] is well-known and the management of IUGR fetuses is correctly considered as one of the clinical issues in perinatal medicine.
Asymmetrical IUGR fetuses are characterized by a redistribution of cardiac output with diversion of a higher blood flow rate to vital organs such as brain and heart and this results in a relative brain sparing with respect to body-weight as demonstrated in experimental animal models [12] and more recently in humans [4] . There is no documentation, however, whether this condition of preferential cerebral perfusion allows development of the Central Nervous System (CNS) analogous to that of healthy fetuses. Behavioural states are a direct expression of CNS function [7, 13] and their assessment has been recently suggested as a new approach to the study of the functional condition of the fetus [11] . In order to investigate possible quantitative variations in the behaviour of IUGR fetuses with respect to healthy fetuses we performed a computerized analysis of several fetal behavioural variables including heart rate, eye movements, gross body movements and breathing movements.
Materials and methods
After informed consent had been obtained, the assessment of fetal behavioural state was performed on 15 multiparous pregnant women doc- umented to have an asymmetrical IUGR fetus whose gestational age lay between 36 and 38 weeks. IUGR was defined by the presence of ultrasonographic signs (BDP and abdominal circumference below the 10th percentile according to the nomograms of CAMPBELL & THOMS [6] ) and postnatal confirmation by a birthweight below the 10th centile according to our population standards [9] after correction for mother's height, weight and parity and the sex of the newborn. Increase in the head to abdomen circumference ratio [6] was the basis for classification as asymetrical growth retardation. As a control group we selected 15 healthy multiparous pregnant women at the same gestational age. All the infants of this latter group had a good outcome and a birthweight above the 25th centile. All were singleton pregnancies and had been accurately dated with early second trimester ultrasonographic examinations.
Recordings were performed, two hours after a 1500 Kcal standardized lunch, in a quiet room with the women lying in a comfortable semi-recumbent position using a previously reported technique [3] .
Fetal heart rate (FHR), fetal gross body movements (FM), fetal eye movements (FEM) and fetal breathing movements (FBM) were simultaneously recorded for two consecutive hours. FHR was obtained by means of a Hewlett Packard 8030 A cardiotocograph with an esternal ultrasound transducer. FEM, FM and FBM were determined by two observers using two real-time ultrasound machines (Ansaldo AUC 940 and Ansaldo Esacord 80) with the transducers postioned in order to obtain a parasagittal section through the fetal face and a transverse section at the level of the upper part of fetal abdomen respectively. The two observers recorded individual movements into our computerized system using two remote switching devices and pushing codified keyboards for signalling the onset and the end of each movement. Similarly the observers entered the "failure" periods during which a reliable view of the fetal lens or trunk was not obtained. Analogue to digital conversion of the movements was performed at a sampling interval of 50 milliseconds. Data were then stored and processed by a Digital FDP 11 computer [15] . At the end of the recordings an offline analysis of the FHR was performed using a three-minute moving window. As previously reported FHR was classified into four patterns (A to D) according to NIJHUIS et al. [10] : -Fetal heart rate pattern (FHRP) A: Heart rate stable with a variability of less than 10 bpm. Isolated accelerations are strictly related to movements. -FHRP B: Heart rate with a variability greater than 10 bpm and numerous accelerations present. -FHRP C: Heart rate stable with a variability of more than 10 bpm and absence of accelerations. -FHRP D: Heart rate unstable with marked and long-lasting accelerations.
The classification of each cardiocographic epoch was entered into the computer and the movements were automatically synchronized with FHR and grouped for each FHRP. This system enabled us to compute for each movement incidence, mean duration, lag time (mean interval between the onset of two consecutive movements) as well as the percentage time spent moving during the four different FHR patterns for each movement. Moreover FEM were divided into three further classes on the basis of their frequency in 1-minute epochs. As previously reported by us [1] FEM were considered rapid (REM) with more than six movements of the lens every minute, intermittent (IEM) when their frequency ranged between one and six movements and absent when no such movements were seen. Finally the coincident relationships between FHRP, FM and FEM were automatically computed. The stable (> 3 min) agreement and the simultaneous changes of all these three parameters were necessary for classification into one of four different behavioural states as outlined below: In absence of these conditions epochs were classified as periods of "no coincidence". Data are presented as mean values ± 1 standard deviation. Statistical analysis was performed by means of paired t test and chi-square test.
Results
The incidence of FHRP is reported in figure 1 . No statistical differences (chi square n. s.) are found between the two groups. In both groups FHRP are mainly represented by FHRP A and FHRP B. The incidence of FHRP C and D is too low to obtain reliable analysis of FBM, FM and FEM distributions during these FHRP. Table I Conversely an increase of IEM during both FHRP A and B is evident in IUGR fetuses. The differences between these frequences reach statistical significance (chi square p < 0.001). The incidence of fetal behavioural states is plotted in figure 3 . IUGR fetuses show a decreased incidence of state IF and an increase of periods of no coincidence when compared to the control group (chi square p < 0.001). 
Discussion
The present results confirm the presence of abnormal qualitative findings in behavioural states of IUGR fetuses as previously reported by us [14] and others [18] . It is noteworthy that the distribution of FHRP is similar in healthy and IUGR fetuses suggesting that the isolated analysis of fetal heart rate does not assist an making early diagnosis of fetal distress in cases of growth retardation.
The high incidence of IBM-type of FEM in IUGR fetuses is similar to the condition present in healthy fetuses at an earlier gestational age [2] suggesting that there is a delay in the control system of eye movements in growth retardation. Similarly the low incidence of quiet sleep (IF) and the increase of periods of no coincidence exhibited by IUGR, show that these fetuses have not attained the same level of organization as healthy fetuses.
The computerized analysis performed in this study provides further quantitative data on fetal movements and on their relationship to behavioural states. IUGR fetuses show a similar duration on all the movements analyzed during both FHRP A and B, whilst in healthy fetuses a significative reduction in the duration of movements is evident during FHRP A. Furthermore the differences in number and percent of time spent moving between FHRP A and FHRP B of FM, FEM and FBM that characterize healthy fetuses, are not so evident in IUGR fetuses. The latter group shows a more homogeneous distribution of movements in both FHRP A and B. A slight quantitative reduction of FM and FBM in IUGR fetuses has also been reported by other investigators [5, 17] but these results showed a marked overlap with those found in healthy fetuses. However, these studies did not consider the influence of behavioural states. Our data, instead, emphasize howe fetal movements signiflcatively differ between IUGR and healthy fetuses when they are related to fetal heart rate. In our opinion these findings suggest that the analysis of a single parameter (e. g. FHRP, FEM, FM, FBM) is insufficient for the complete assessment of fetal well-being and the integration of more parameters is required. A computerized approach to fetal behaviour simplifies the simultaneous recording of different parameters thus allowing them to be automatically correlated. Moreover there are advantages in automated quantification of fetal movements since this provides additional information concerning fetal behaviour and in the present study allowed differentiation of normal fetuses from those with IUGR. Further studies are required to evaluate the clinical significance of this quantitative approach to fetal behaviour and these are in progress.
Summary
The fetal behaviour of 15 asymmetrical intrauterine growth retarded (IUGR) fetuses was compared to that of a control group of healthy fetuses. Fetuses underwent simultaneous cardiotocographic and ultrasonographic examinations for 2 consecutive hours at 36 -38 weeks' gestation. Behavioural states analysis was carried out by means of a computerized system (Digital PDF 11) that allowed the recording of several fetal variables including heart rate (FHR), gross body movements (FM), eye movements (FEM) and breathing movements (FBM). FHR was classified in four different patterns (FHRP) according to NIJHUIS et al. [10] ; fetal movements were automatically synchronized with FHR and grouped for each FHRP. Several quantitative parameters (i.e. incidence, mean duration, lag time, % time spent moving) were then computed for each movement. There were no statistical differences in the distribution of FHRP (Figure 1 ) between healthy and IUGR fetuses. On the other hand quantitative differences (Table I) were found when the movements investigated were related to FHRP. In IUGR fetuses FEM were mainly represented by low frequency movements (IEM) during both low (FHRP A) and high variability (FHRP B) FHRP (Figure 2 ), whereas healthy fetuses exhibited mostly rapid eye movements (REM) during FHRP B and absent type of FEM during FHRP A. Moreover IUGR fetuses showed (Figure 3) 
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